Observations of ozone from satellite platform is a key source of information to monitor and understand processes that may have a relevant impact on public health, air quality and climate. To achieve at the same time a reasonable spatial resolutions and a sufficient sensitivity, nadir UV/VIS sensor may be exploited. The topic of the PhD thesis work summarized here is the use of neural networks (NNs) algorithms to extract the height resolved ozone information content from satellite UV/VIS radiance spectra. NNs are a useful alternative tool with respect to more established inversion schemes like, e.g., optimal estimation. The considered sensors were Envisat-SCIAMACHY and Aura-OMI. Climate change and atmospheric pollution are currently topical issues given their possible dramatic effects from the health, social and economical points of view. Assessing the causes
Algoritmi di rete neurale per la stima di ozono atmosferico da dati Envisat-SCIAMACHY e Aura-OMI Riassunto L'osservazione dell'ozono da satellite è una importante sorgente di informazione per il monitoraggio e la comprensione di processi che possono avere un impatto rilevante sulla salute pubblica, sulla qualità dell'aria e sul clima. Per ottenere allo stesso tempo una ragionevole risoluzione spaziale e una sensibilità sufficiente possono essere sfruttati sensori nadir UV/VIS. L'oggetto del lavoro di tesi qui riassunto è l'uso di algoritmi di rete neurale (NN) Climate change and atmospheric pollution are currently topical issues given their possible dramatic effects from the health, social and economical points of view. Assessing the causes and possible adaptation/mitigation strategies is a challenge in modern science. To understand and quantify the anthropic role in such changes is of a particular interest to depict future scenarios and to warn politicians about local and global intervention in emissions control. Ozone is one of the most important trace gases in the Earth's atmosphere. It is mainly present in the stratosphere, with only about 10% of the total column amount in the troposphere. Despite the relatively small ozone abundance, i.e. (2-7)*10 3 % in molar fraction, the solar radiation at wavelengths below 310 nm does not reach the Earth surface because of the large ozone absorption and Rayleigh scattering. Anthropogenic releases of ozone depleting substances play a dramatic role in a possible increase of the surface UV radiation. The discovery of the Antarctic ozone hole, i.e. a considerable reduction of ozone in the (southern) polar stratosphere, was a dramatic evidence of the effects of anthropogenic emissions on the ozone layer. Human activity is very likely to be responsible also for an increase in tropospheric ozone caused by the photochemical production from industrial emission of ozone precursors such as carbon monoxide, volatile organic compounds, and nitrogen oxides. The effect of these variations at lower altitudes, with respect to background values, have been estimated to be the third largest source of the greenhouse effect. Monitoring ozone effect. Monitoring ozone Monitoring ozone concentrations and trends, especially in highly polluted locations, is a relevant topic in recent geosciences research. In this framework, global and systematic space-based observations of the atmospheric composition and its variations in time and space play a major role. Obtaining height resolved information of ozone from satellite platform is an exciting task. The advantage of atmospheric sounding performed from space, with respect to ground based and in situ techniques, lies in the very high number of available measurements per day and in the global coverage of the Earth, allowing for a detailed and continuous investigation of the atmospheric state. A number of different techniques are available, using different instruments, spectral bands and viewing geometries. For all of them, a major problem is related to the intrinsically indirect nature of the measurements, as the information results from the interaction between the electromagnetic radiation and the atmospheric constituents. The retrieval phase requires the solution of an inverse problem, which is never trivial and can be computationally very intensive, especially for this kind of nonlinear problems. Currently, Optimal Estimation (OE) algorithms are the most widely used techniques for the extraction of height resolved ozone information from nadir UV/VIS satellite spectra; a direct radiative transfer model is here required, as well as some a priori information about ozone distributions in atmosphere. A significant general concurrent requirement is an adequate spatial resolution. High horizontal resolutions are very hard to achieve by limb measurements, while it can be attained by nadir observations. Nadir measurements, however, can have poor vertical resolutions, and the inversion problem can be very expensive from a computational point of view. In this thesis we presented novel approaches to the inversion of the nadir UV/VIS satellite Earth's radiance spectra for the retrieval of height resolved ozone information. The considered platforms are ESA EnviSat-SCIAMACHY and NASA Aura-OMI, which are particularly suited for these tasks owing to their combined high spectral and spatial resolutions. Both ozone concentration profiles and tropospheric ozone columns are retrieved by means of Neural Network (NN) algorithms. NNs are made of interconnected elementary processing units, called neurons, and they can learn from a training dataset; they were proven to be robust on systematic errors and calibration uncertainties on the input measurements vector, and they are expected to work better than OE with respect to cloudy scenarios or in presence of significant aerosols burdens. Once a net is trained it can perform retrievals in real-time. The most important theoretical result in this thesis is the demonstration that the use of VIS wavelengths, using a NN algorithm, can significantly improve the accuracy of ozone retrievals. In fact, OE based inversion schemes usually do not consider the VIS interval due to the interaction of aerosols, clouds and surface albedo with visible radiation; uncertainties in the knowledge of these latter parameters can lead to very large errors in the modelling of the atmospheric radiative transfer. On the contrary, NNs determine the input-output relationship directly from the data, hence an explicit modelling of all radiative interactions can be avoided with this approach, allowing the use of VIS radiation. The results show that, with the use of VIS radiation, the accuracy of the retrievals, especially in the troposphere, can be improved up to the 20%. The NNs were trained and tested with co-located measurements from ozone sondes, complementary satellite measurements, e.g. from the Microwave Limb Sounder (MLS), or with simulated measurements, obtained using a radiative transfer model. As for MLS, it should be considered that it is part of the payload of the Aura satellite; the synergy with the OMI, which flights on the same platform, have been here exploited leading to a very fine co-location of data. The test of the algorithms against independent data from both sondes and satellite, or with simulated data, seems to support this approach. Generally, the NNs have shown encouraging capabilities, with RMS > 0.88 at each altitude level for stratospheric and upper tropospheric ozone concentration profiles from OMI, RMS > 0.75 at each altitude level for stratospheric and tropospheric ozone concentration profiles from SCIAMACHY, and RMS = 0.84 for a dedicated tropospheric ozone column retrieval algorithm from SCIAMACHY. In general it emerges that OMIbased NNs seem to work better at the same conditions, maybe due to a more accurate dataset generation, owing to the opportunity of using more precisely co-located MLS data as a truth reference, and for the smaller pixel size of the OMI with respect to the SCIAMACHY. This latter condition avoids a greater number of cloudy pixels and enhances the quality of the input data. The obtained results are comparable with those from different inversion techniques, e.g. from OE. As a complementary section of the thesis, NNs were here also considered for the NNs were here also considered for the retrieval of different atmospheric parameters, i.e. temperature profiles and nitrogen dioxide columns; the underlying idea is to provide an integrated tool for a more complete characterization of the atmospheric state starting from the same input vector. Finally, an approach to the validation of NNs algorithms in a GRID environment over extensive datasets was presented and briefly discussed. The work has been fulfilled in the framework of the GeoInformation PhD Programme of Tor Vergata University, Rome, and with the Atmospheric Chemistry and Dynamics Branch of NASA -Goddard Space Flight Center, Greenbelt, MD, USA, where the candidate spent part of the doctoral period as a visiting scientist.
